Abstract-Based on the need of MF-TDMA signal monitoring, this paper investigates the estimation method for frequency offset and carrier phase. The procedure for timing recovery is introduced, and then an effective algorithm is deduced for estimating carrier frequency and phase. The proposed open-loop algorithm demands no preambles and has a wide capture range. In addition, the overall block diagram of a monitoring receiver, which we designed with the proposed estimation algorithm, is presented.
. VSAT system configuration In general, VSAT network is power limited, rather than frequency limited system, in which modulation scheme that has the highest power efficiency should be adopted. Therefore, coherent QPSK or BPSK is selected in most cases. For the digital communication systems with PSK modulation, there are two types of carrier synchronization methods [3] : one is using a feedback closed-loop to track the carrier frequency and phase of the received signal, such as quadratic loop and Costas loop; and the other one is the direct estimation of received carrier using open loop structure. In MF-TDMA systems, carrier parameters may vary as the burst slots come from different VSAT stations, which have caused considerable difficulty for closed-loop carrier recovery. For this reason, the open loop maximum likelihood estimation of carrier parameters is mostly studied at present. The open loop estimation methods can be divided into two groups according to weather the training sequences preamble or not: the DA (data-aided) algorithms and the NDA (non-data-aided) algorithms [4] . For the application fields of MF-TDMA signal monitoring, as it is difficult to be informed of preamble sequences, therefore the NDA algorithms are usually adopted. Based on the premised demand, this paper proposes an open loop carrier estimation method and the corresponding architecture of monitoring receivers [5] [6] .
II. ARCHITECTURE OF THE MONITORING RECEIVER
In this paper, we take QPSK for example and express the received MF-TDMA signal as: First, the receiver quantizes the IF multi-carrier signal by using band-pass sampling, and the local NCO is set to the center frequency of one of the MF-TDMA carriers. After the quadrature down-conversion, the sampling rate is reduced to integer multiples of the symbol rate to facilitate further processing. Then, after the matched filter, we get the complex samples of the baseband TDMA signal.
For MF-TDMA signal monitoring system, the top priority is to obtain measurement indices (such as slot power, frequency offset, EVM, etc.) of each channel. If there is any anomalous value, the monitoring system should give an alarm timely. In this paper, we focus on the carrier estimation method of the baseband samples.
III. ALGORITHM DESCRIPTION
In traditional receivers, feedback loops are commonly used for carrier synchronization, in which the hang-up effect may limit the capture range and slowdown the process of carrier acquisition. Accordingly this article proposes using open-loop estimation method in monitoring receiver, and puts forwards corresponding algorithm suitable for MF-TDMA burst communication.
A. Timing recovery
Monitoring system receives burst signals from different VSAT stations, so separate estimation for each burst slot is needed. The purpose of timing recovery is to figure out the optimal sampling time, so as to gain the maximum receiving signal-to-noise ratio (SNR) during demodulation.
In this paper, Gardner's timing-error detection algorithm is applied for optimal sampling-points verdict. Pivotal ideas of Gardner's algorithm are listed as follows: take sample points, of which any adjacent two are half a symbol cycle apart, into account, and use their amplitudes and polarity changes to calculate the timing error [11] . The specific algorithm is 
where I and Q represent the inphase and quadrature samples, and the index r is used to designate the number of symbols: r represents the current sample point, r-1 represents the sample point of the last symbol, and use r-1/2 to denote the sample lying midway between the rth and the (r-1)th sample. Therefore, the error calculation only requires to sample the baseband signal at the 2 times of the symbol rate. Gardner's algorithm is independent from carrier estimation, as a result, the timing recovery can be performed before or after the carrier synchronization. In the monitoring receiver as we described in Fig 5, modified open-loop timing recovery method is adopted for the convenience of processing. We first reduce the sampling frequency, after the quadrature down-converter, to Q times of the symbol rate (Q is an even integer greater than 2). After the matched filter, use (2) to calculate timing error of the Q columns sampled data. And finally, we pick the column which has the minimum variance as the optimal samples.
A necessary consideration is that, during one frame period, there are time slots when no data burst but only exists noise, and it is meaningless to calculate timing error at such idle slots. Also, timing error of burst data slots may differ, as they came from different VSAT stations. In order to improve the accuracy of the timing recovery, we use a module called "Slot Extraction" to extract data slots from the energy envelop of modulated carriers. Then, timing error is calculated for each data slot separately.
B. Carrier esitimation
For non data-aided (NDA) carrier estimation, the Viterbi & Viterbi algorithm, as in [8] , is a classic openloop nonlinear phase estimation algorithm, and has been widely used. Generally, the process of V&V estimation can be divided into three steps: first, the modulation is removed by a nonlinear transformation; then, average the phase in the estimation interval; at the final, equivocation of estimated carrier phase should be eliminated.
Consider that the MF-TDMA signal being monitored in VSAT network is relayed transparently by the geosynchronous satellite, the dynamic range of carrier frequency is small enough that the Doppler shift can be neglected. Therefore, dominated carrier frequency offset comes from the deviation of frequency standard on different VSAT equipments.
Due to the need of average process on estimated phase, the V&V algorithm requires the normalized frequency offset to meet: 0.05
frequency offset, and s T is the period of one symbol.
When the frequency offset f Δ exceeds a certain limit, the performance of V&V's estimation algorithm will descend obviously. For this reason, we consider to evaluate the frequency offset and try to make corresponding compensation before the phase estimation [9] [10] . The structural model of the carrier estimation method proposed in this paper is shown as in Fig 6. f Δ Figure 6 . Structural model of the carrier estimation For the facility of analyzing, we assume that the timing of samples has been accurately recovered after the matched filter, and the complex baseband samples can be expressed as in (3). Such a transformation will change the carrier phase
. When the SNR of ri is high, we can take a simple approximation as follow [7] ( ) ( )
in which is the equivalent phase noise to i n , who is also Gaussian distributed with zero mean, and yields 
in which L is the total number of samples in the confidence interval, and L=2N+1. The variance of this estimation reads:
As we can see, it is much easier to avoid 2π phase ambiguities if the phase differences { } 
For the specific implementation, we can construct the ML estimator as a FIR filter, as shown in Fig 6, Since the frequency offset f Δ has been corrected and the residual error is small enough, the deviation of carrier phase can be estimated, for instance, by using V&V's algorithm as in Fig 6. 
IV. SIMULATION RESULTS AND PERFORMANCE ANALYSES
From the about derivation of estimation method we can see, the algorithm performance is closely related to two factors, namely, the magnitude of carrier offset and SNR.
Firstly, the carrier frequency offset cannot exceed the algorithm's capability, which is derived when calculating arguments { } i β in (11) . To avoid phase aliasing, we make ( )
,
Secondly, SNR of the received signal will also have significant impact on the performance of estimation. Note that in (11), the noise item raises when SNR decreases; meanwhile, (5) will no longer be workable when SNR is too low. The lower SNR becomes, the harder it will be to eliminate the 2π phase ambiguities, and thus algorithm's performance will degrade severely.
In order to verify the performance of the algorithm, we conducted a series of simulation. Mean value and variance of the estimated frequency offset are shown in Fig 7 and In this paper, we present a carrier estimation method for the need of MF-TDMA signal monitoring: the algorithm demands no aid of priori data, and has a low computational complexity. The proposed method consists of the estimation of carrier phase and frequency offset. Simulation results have proved that, the presented frequency estimation algorithm is unbiased, and the estimation performance is close to theoretical upper limit. In conclusion, the receiver architecture we described with this algorithm has a wide capture range and is very suitable for the monitoring of burst communication signal.
